AIMS: Increased fasting and postprandial triglyceridemia is one of the cardiovascular risk factors for patients with insulin resistance. Since triglyceride (TG) metabolism largely depends on gender, we have investigated diurnal TG changes in patients with and without overweight, focusing on gender differences. METHODS: Twenty-two males and 22 females with overweight (mean body mass index (BMI) 28.0 AE 2.3 kg=m 2 ) measured capillary TG concentrations at six fixed time points on three different days. Diurnal TG profiles were calculated as area under the capillary TG curves (TGc-AUCs). The control group consisted of 24 males and 21 females who were not overweight (mean BMI 22.4 AE 1.5 kg=m 2 ). Biochemical and anthropometric parameters associated with insulin resistance were measured. RESULTS: Lean males and lean females had comparable fasting insulin levels (6.9 AE 2.6 and 8.1 AE 4.7 mU=l, respectively), but females had a more favorable fasting lipoprotein profile when compared to males. Diurnal TG profiles were lower in lean females than in lean males (16.9 AE 4.3 vs 20.3 AE 5.7 mMh, respectively, P < 0.05). Overweight males and females had comparable fasting insulin levels (10.3 AE 3.4 and 12.1 AE 4.9 mU=l, respectively), which were higher than in lean subjects. Overweight females also had a more favorable fasting lipoprotein profile compared to overweight males. Diurnal TG profiles were similar in overweight females and overweight males (31.1 AE 15.6 and 32.9 AE 13.2 mMh, respectively). Stepwise multiple regression analysis showed that in both males and females, waist circumference was the strongest determinant of diurnal TG profiles when fasting TG concentrations were excluded from the model (R 2 ¼ 0.49 for males and R 2 ¼ 0.33 for females). These results suggest that overweight resulted in a 'male diurnal TG profile' in females due to abdominal fat accumulation. CONCLUSION: Insulin resistance in overweight subjects partly mitigates the gender differences of fasting and postprandial TG metabolism. The significant positive association between diurnal triglyceridemia and waist circumference supports the view that especially abdominal fat associated with insulin resistance enhances postprandial lipemia.
Introduction
Fasting plasma hypertriglyceridemia is an independent risk factor for coronary atherosclerosis. 1 -3 A possible mechanism leading to atherosclerosis in hypertriglyceridemic subjects may be exaggerated and prolonged postprandial lipemia with accumulation of atherogenic chylomicron remnants. Several studies have demonstrated delayed clearance of triglyceride (TG) rich particles and suggested a direct relationship with the process of atherosclerosis in different patient groups. 4 -10 Even in fasting normolipidemic subjects, increased postprandial lipemia has been linked to atherosclerosis. 5,7 -10 Healthy females generally show a lower postprandial TG response to an oral fat load than males 11, 12 and TG metabolism is more efficient in lean subjects than in obese or insulin resistant patients. 13 -17 Postprandial lipid metabolism has been investigated in metabolic ward studies using non-physiological high amounts of fat. Recently, a novel method has been developed to study diurnal TG profiles using repeated capillary self-measurements in an out-of-hospital situation, which correlates well with data obtained by standardized oral fat loading tests. 18, 19 In a previous study using diurnal TG profiles, 18 healthy lean females showed lower diurnal TG profiles than males, in agreement with gender differences of postprandial lipemia reported by others. 12 In order to determine gender differences in diurnal TG profiles in overweight subjects, we compared diurnal triglyceridemia of overweight male and female subjects.
Subjects and methods

Subjects
Data were analysed from 89 subjects who participated in a study aimed to evaluate TG changes in an outpatient-clinic setting in patients who underwent a percutaneous transluminal coronary angioplasty for premature coronary artery disease (CAD) and healthy controls without CAD. The inclusion criteria were fasting total cholesterol < 7.0 mmol=l, age 25 -60 y and body mass index (BMI) < 35 kg=m 2 . Diabetic subjects, according to American Diabetes Association guidelines, 20 and subjects using lipid lowering medication were excluded. All subjects gave written informed consent. The study was approved by the Medical Ethical Committee of the University Hospital Utrecht. Participants visited our department after a 12 h fast. A fasting blood sample was taken and blood pressure, weight, height and waist circumference were measured.
TG self-measurements Self-measurement of capillary TG was performed with a TGspecific point-of-care testing device (Accutrend GCT 1 , Roche Diagnostics, Germany). 18, 19, 21, 22 Subjects were instructed to wash and dry their hands thoroughly before each measurement. With a lancing device, a drop of blood (30 ml) from the finger was obtained which was applied to the TG test strip in the TG analyzer. Subsequently, the TG concentration from the capillary blood sample was measured by a process of dry chemistry and colorimetry. If there was not enough blood on the TG test strip, subjects were advised to repeat the measurement. Each subject was instructed by the same investigator. The measurement range for capillary TG is 0.80 -6.86 mmol=l. In a previous study, variation coefficients for different capillary TG concentrations were 3.3 -5.3%. 21 The correlation coefficient between capillary TG measurements with the TG analyzer and plasma measurements according to enzymatic methods is 0.94. 21 Similar results have been obtained in our laboratory. 18, 19 Furthermore, diurnal capillary TG profiles correlate to postprandial lipemia as assessed by standardized oral fat loading tests. 18 In addition, diurnal triglyceridemia estimated with six measurements was not different compared to hourly measurements, suggesting that these time-points are representative for the daylong study period. 19 Subjects were instructed to measure their capillary TG on three different days (preferentially Monday, Wednesday and Friday; not during the weekends) at the following timepoints: fasting, before and 3 h after lunch and dinner and at bedtime. The 3 h postprandial measurements were performed exactly 3 h after the meals, regardless of intake of snacks. The results were recorded in a diary. Subjects were requested to refrain from heavy physical activity, although normal daily activities like cycling to work were allowed. In cases where there were one or more missing measurements during a day, the data for that particular day were not used for construction of an average diurnal TG profile. The mean diurnal TG profile was used for statistical analysis.
Dietary intake
Dietary intake on the days of capillary TG measurements, was accurately recorded in a diary. Quantities of daily intake were estimated according to instructions given by a dietitian and according to a table with standardized portion sizes. Particularities like illness were also recorded. The diaries were evaluated with each subject individually by a trained physician. Foods consumed were converted into nutrients with a version of the Dutch Nutrient Data Base. 23 Dietary intake was calculated per eating moment, per day and as an average of three days.
Analytical determinations
On the morning of inclusion, fasting blood was collected for measurement of lipids, apolipoproteins, insulin and glucose from plasma. TG and cholesterol in plasma and HDL-cholesterol, obtained after precipitation with dextransulfate= MgCl 2 , were determined using a Vitros 250 analyzer (Johnson & Johnson Rochester, NY, USA). Plasma apo B was measured by nephelometry using apo B monoclonal antibodies (Behring Diagnostics NV, OSAN 14=15). Plasma apo AI was measured by nephelometry using apo AI monoclonal antibodies (Behring Diagnostics NV, OUED 14=15). Free fatty acids (FFAs) were measured in plasma samples by enzymatic colorimetric method (Wako Chemicals GmbH and Neuss, Germany). Glucose was measured by glucose oxidase dry chemistry (Vitros GLU slides) and colorimetry, and insulin was measured by competitive radio immunoassay with polyclonal antibodies. For estimation of insulin sensitivity HOMA ( ¼ glucoseÂinsulin=22.5) was calculated. 24 LDLcholesterol was calculated using the Friedewald formula. . Differences between groups were tested by ANOVA with least significance test as post hoc analysis test. Diurnal capillary TG profiles were calculated as mean absolute and incremental integrated area under the 14 h curve capillary triglyceride (TGc)-AUC and TGc-dAUC respectively). TGc-dAUC was only calculated if fasting capillary TG was above the lower limit of detection of 0.8 mmol=l. In the case of plasma and capillary TG, HOMA and plasma insulin, calculations were performed after log transformation, however untransformed concentrations are shown in the tables and figures. All calculations for TGc-AUCs and diet were performed with averages of 2 or 3 days. When capillary TG was below the lower limit of detection, 0.8 mmol=l was used for calculation of the total TG profile. Pearson's bivariate correlation coefficients were calculated between TGcGender and TG metabolism in overweight CJM Halkes et al AUC and other variables for males and females separately.
Statistics
Stepwise multiple regression was performed with TGc-AUC as dependent variable, and with the significantly correlated variables as independent variables. For statistical analysis SPSS version 9.0 was used. Calculations of AUCs were performed with GraphPad Prism version 3.0. Statistical significance was reached when P < 0.05 (two-tailed).
Results
General characteristics
Characteristics of the 89 subjects who were included in the study are given in Table 1 . Five overweight females and two overweight males had BMI > 30 kg=m 2 . Seven subjects (two lean males, one lean female, two overweight males and two overweight females) were using beta-blockers, three subjects (one overweight male and two overweight females) were using calcium antagonists and one overweight male was treated with an ACE-inhibiting drug. Two subjects (one overweight male and one overweight female) were treated for hypertension. Overweight males had lower mean HDLcholesterol concentrations, higher mean fasting insulin concentrations and HOMA than lean males. Compared to lean females, fasting insulin, HOMA, total cholesterol, LDL-cholesterol, apolipoprotein B (apo B) and TGs were higher in overweight females. When comparing lean males to lean females, males had a higher waist circumference, total cholesterol, LDL-cholesterol, apo B and TGs. Lean males had lower mean HDL-cholesterol and apolipoprotein AI (apo AI) when compared to lean females. When compared to overweight females, overweight males were characterized by higher waist circumference, LDL-cholesterol and apo B. Overweight females had higher mean HDL-cholesterol and apo AI than overweight males.
Diurnal triglyceridemia
In 12 subjects (seven females and five males) fasting capillary TG concentrations were below the detection limits. Mean diurnal capillary profiles for all subgroups are shown in Figure 1 . Total diurnal triglyceridemia calculated as area under the curve is shown in Figure 2 . Mean fasting capillary TG concentrations were comparable in lean males and females (1.15 AE 0.35 and 1.11 AE 0.36 mM, respectively; Figure 1 ), albeit significantly lower than in overweight males and females (1.71 AE 0.7 and 1.80 AE 0.87 mM, respectively, P < 0.01 in both males and females; Figure 1 ). Lean males showed significantly higher capillary TG levels than lean females after lunch and dinner and at bedtime. In overweight subjects no significant differences were seen during the day between males and females. The total diurnal triglyceridemia, estimated as TGc-AUC was significantly higher in lean males than in lean females (20.3 AE 5.7 vs Figure 1 Mean diurnal capillary triglycerides (TG) at six different time points in lean males compared to lean females and in overweight males compared to overweight females. Data are mean AE s.e.m. Only significant gender differences within lean and overweight subgroups are shown. *P < 0.05 compared to lean females at the same time point. Gender and TG metabolism in overweight CJM Halkes et al 16.9 AE 4.3 mMh, respectively; P < 0.05, Figure 2A ). No significant differences were seen in total diurnal triglyceridemia between overweight males and females (32.9 AE 13.2 vs 31.1 AE 15.6 mMh). Total diurnal triglyceridemia was significantly higher in overweight compared to lean subjects. TGcdAUC was 4.4 AE 4.3 mMh in lean males compared to 9.0 AE 7.1 mMh in overweight males (P < 0.01, Figure 2B ) and 1.3 AE 3.8 mMh in lean females, compared to 6.0 AE 5.5 mMh in overweight females (P < 0.05, Figure 2B ).
Dietary intake
Lean males and lean females reported the same total energy intake with equal amounts of all dietary components except for alcohol (Table 2 ). Overweight males had the same dietary intake as lean males. However, overweight females reported significantly lower total energy intake compared to overweight males and lean females. Overweight females reported lower intake of total fat (compared to lean females) and lower carbohydrate and relative protein intake (compared to lean females and overweight males). Overweight females drank less alcohol than overweight males. Dietary components are presented per eating occasion in Figure 2C for the total group. Relative intake of fat, carbohydrates, proteins and alcohol were similar between lean and overweight females and between lean and overweight males at all meals (data not shown).
Determinants of diurnal triglyceridemia
Significant correlations between TGc-AUC and the variables from Table 1 are shown in Table 3 . In males, TGc-AUC was positively associated with fasting insulin, plasma TG, BMI, waist circumference, blood pressure, HOMA and capillary TG, and negatively with fasting apo AI and HDL levels. In females, TGc-AUC was positively associated with the same parameters plus fasting FFA, total cholesterol and apo B. In multiple regression analysis, fasting capillary TG was the best determinant of TGc-AUC in both males and females (standardized b ¼ 0.85 and standardized b ¼ 0.90, respectively, for males and females, P < 0.001 for each, R 2 ¼ 0.71 in men and R 2 ¼ 0.80 in women). However, when fasting TG levels were excluded from the model, waist circumference was the best determinant of TGc-AUC (standardized b ¼ 0.71 and standardized b ¼ 0.59, respectively for males and females, P < 0.001, R 2 ¼ 0.49 in men and R 2 ¼ 0.33 in women; Figure 3 ):
Discussion
In this study we have shown that the known gender differences of postprandial lipemia are mitigated in overweight, insulin resistant subjects. Recently, it was shown that even for fasting plasma TG concentrations which were previously considered to be normal (between 1.00 and 1.84 mM), the risk for cardiovascular disease (CVD) increases with increasing fasting plasma TG. 2 However, in individual patient Gender and TG metabolism in overweight CJM Halkes et al management, single fasting TG measurements are not always discriminatory 25 with intra-individual coefficients of variation up to 60%, especially in diabetic subjects. 26 Humans are non-fasting most of the day and it has been suggested that non-fasting TG levels may be better predictors for atherosclerosis than fasting plasma levels. 27 In previous studies using standardized oral fat loading tests, delayed postprandial clearance of TG-rich lipoproteins has been linked to the presence and progression of coronary sclerosis 4 -10 and to increased intima media thickness. 28 Postprandial clearance of TG is disturbed in visceral obesity, insulin resistance and diabetes. 13 -15 Healthy males have higher postprandial TG Figure 3 Association between diurnal triglyceridemia and waist circumference in different groups. R 2 is given for the total group (n ¼ 89). Gender and TG metabolism in overweight CJM Halkes et al levels than healthy females. 12 In our laboratory a novel method has been introduced for the evaluation of TG metabolism in a physiological situation using repeated capillary self-measurements in an out of hospital situation. These diurnal capillary TG profiles correlated well with plasma triglyceridemia after a standardized oral fat loading test and are best predicted by fasting TG, gender, systolic blood pressure and mean daily energy intake in healthy volunteers. 18 In this study, we confirm that lean females have more efficient TG metabolism than lean males, as has been suggested by others. 12, 13 Lean males and females were equally insulin sensitive and had the same dietary energy intake, but males had less favorable fasting and postprandial lipoprotein profiles. This gender difference may be attributed to the increased abdominal fat deposition in males, reflected by the higher waist sizes in males. 15 When overweight males were compared to lean males, the former showed several aspects of the insulin resistance syndrome, like elevated fasting insulin and lower HDL-C. Compared to lean females, overweight females also had more features of the insulin resistance syndrome. Besides having increased fasting insulin levels, overweight females had higher total and LDLcholesterol levels, elevated apo B, and higher fasting FFA and TG levels. The presence of overweight seems to have a larger effect on these variables in females than in males. Fasting plasma TG levels were somewhat lower than capillary TG levels in the morning (Table 1, Figure 2 ). This could partly be explained by the fact that the plasma sample was drawn on another day than the capillary samples. Moreover, the plasma sample was drawn after a 12 h fast, whereas the capillary measurements were performed on waking up, without dietary restrictions on the previous evening. Food intake in the free-living situation is difficult to measure. We have chosen the use of food diaries, although we are well aware of the problem of under-reporting. Selective under-reporting of fat intake has been shown in obese individuals. 29 Overweight individuals are more likely to under-report their food intake than normal-weight individuals and women under-report more than men. 30, 31 Therefore, we cannot fully exclude that overweight females actually had an equal or even higher daily energy intake than lean females.
Insulin resistance may overrule the gender benefit of females in several ways. After a meal, dietary fat is transported in chylomicrons produced by the intestine. These chylomicrons, with apo B48 as structural protein, become chylomicron remnants in the blood by the action of endothelial-bound lipoprotein lipase (LPL). Adipose tissue LPL activity is higher in lean females compared to lean males. 32 It could be hypothesized that this gender defect on LPL disappears when subjects become insulin resistant. However, the amount of LPL appears to be in excess of normal requirements in vivo and does not seem to be rate limiting for the removal of TG from plasma. 33 It is well known that when the net tissue uptake of FFA is disturbed, increased FFA concentrations result in detachment of LPL from their endothelial surface. 34 -36 Adipose tissue FFA uptake is determined by the equilibrium between the lipolytic activity of hormone sensitive lipase (HSL) and the lipogenic activity of autocrine messengers like acylation stimulating protein. 33 Estrogens are known to increase the activity of HSL whereas insulin inhibits the lipolytic action of HSL. 33 Obese women have higher levels of estrogens 37 and are insulin resistant, which together could lead to disturbed postprandial fatty acid handling. Consequently, this may lead to increased postprandial triglyceridemia and an enhanced flux of fatty acids to the liver, promoting the synthesis and secretion of apo B-containing particles 38 and interfering with hepatic uptake of plasma insulin. 39 The TG rich VLDL particles will enter the lipolytic pathway, possibly causing an enhanced escape of non-esterified fatty acids from tissue uptake. 40 Our finding of lower fasting FFA in lean females compared to all other groups supports diminished suppression of adipose tissue lipolysis in males and in insulin resistant females compared to lean females. 41 Moreover, in this study, fasting FFA levels were correlated to diurnal triglyceridemia in females but not in males, suggesting that disturbed suppression of fasting FFA is linked to disturbed postprandial TG clearance in females.
Only a few studies using standardized oral fat loading tests have compared the influence of insulin resistance on postprandial lipoprotein metabolism in males and females. Georgopoulos et al and Cohn et al showed lower postprandial TG levels in females compared to males, but their subjects were patients with type I diabetes mellitus and lean subjects, respectively. 42 , 43 Couillard et al reported a more efficient clearance of postprandial lipoproteins in females than males with a broad range of BMIs. 12 However, this difference disappeared when males and females were matched for the amount of intraabdominal adipose tissue. 12 The finding that the waist circumference, which shows a good correlation with the amount of Gender and TG metabolism in overweight CJM Halkes et al intra-abdominal adipose tissue, is the best determinant of diurnal triglyceridemia after fasting TG suggests that abdominal fat deposition indeed plays an important, likely central, role in the insulin resistance syndrome, 44 even in mildly overweight patients under physiological circumstances.
In conclusion, gender differences of postprandial lipemia are blunted by insulin resistance. Whether diurnal TG profiles are associated to the future development of cardiovascular disease needs further research.
